Oral fluency and foreign accent distinguish L2 from L1 speech production. In language testing practices, both fluency and accent are usually assessed by raters. This study investigates what exactly native raters of fluency and accent take into account when judging L2. Our aim is to explore the relationship between objectively measured temporal, segmental and suprasegmental properties of speech on the one hand, and fluency and accent as rated by native raters on the other hand. For 90 speech fragments from Turkish and English L2 learners of Dutch, several acoustic measures of fluency and accent were calculated. In Experiment 1, 20 native speakers of Dutch rated the L2 Dutch samples on fluency. In Experiment 2, 20 different untrained native speakers of Dutch judged the L2 Dutch samples on accentedness. Regression analyses revealed, first, that acoustic measures of fluency were good predictors of fluency ratings. Second, segmental and suprasegmental measures of accent could predict some variance of accent ratings. Third, perceived fluency and perceived accent were only weakly related. In conclusion, this study shows that fluency and perceived foreign accent can be judged as separate constructs.
Introduction
Oral fluency and foreign accent are two aspects of L2 production. They are assessed in language testing practices and influence the extent to which an L2 speaker is considered to be proficient. They are also the primary features perceived by ordinary native interlocutors, regardless of the speaker's actual proficiency (Derwing, Rossiter, Munro, & Thomson, 2004) . To speak a language fluently and with a native-like accent is for many learners the ultimate goal in mastering a second language. Although the terms "fluent" and "accented" are regularly used to describe and assess someone's speech production in the L2, there seems to be no explicit consensus concerning what exactly is understood by these concepts (Chambers, 1997) . The aim of this study is to advance our understanding of the concepts of fluency and accent as characteristics of L2 speech. The present study therefore investigates which variables underlie native listeners' perception of fluency and accent, and how native listeners weigh the multiple acoustic phenomena. This study has three main goals. First, we want to investigate the relationship between acoustic properties of speech and the perception of fluency by native listeners. Second, we explore the relationship between segmental and suprasegmental characteristics of speech and foreign accent as rated by native judges. Finally, we investigate the relationship between perceived fluency and perceived accent.
Fluency Lennon (1990 Lennon ( , 2000 distinguishes between two senses of fluency. In the so-called broad sense, fluency refers to global oral proficiency (overall language performance), similar to how non-specialists tend to consider fluency. In contrast, fluency in its narrow sense is considered as one component of oral proficiency, as opposed to other components, such as grammatical knowledge or vocabulary size. Fluency is an "automatic procedural skill" (Schmidt, 1992 ) that encompasses the notion of "rapid, smooth, accurate, lucid, and efficient translation of thought or communicative intention into language" (Lennon, 2000, p. 26) . In this study, we are concerned with fluency in this narrow sense. More recently, Segalowitz (2010, p. 48) proposed to distinguish between three facets of fluency: cognitive fluency, utterance fluency and perceived fluency. First, cognitive fluency reflects the speaker's ability to efficiently plan and execute speech by integrating the cognitive mechanisms underlying performance. Second, utterance fluency is the fluency that can be measured in a speech sample based on the acoustic properties of an utterance, such as speech rate, pausing, and repairs. Third, perceived fluency refers to the judgment that listeners make about the fluency of a speaker on the basis of their impressions drawn from the speech signal. This study focuses on the relationship between utterance fluency (objectively measurable fluency characteristics) and perceived fluency (subjective rater judgments). Our analysis of utterance fluency is based on the helpful distinction provided by Tavakoli and Skehan (2005) between three components: (1) speed fluency, that is, the speed at which speech is delivered; (2) breakdown fluency, that is, the number and length of pauses; and (3) repair fluency, that is, the number of false starts, corrections and repetitions.
Previous research on L2 fluency has mainly focused on perceived fluency. Several studies (e.g., Cucchiarini, Strik, & Bovis, 2002; Derwing et al., 2004; Kormos & Dénes, 2004; Rossiter, 2009; Ferrer, 2011) reported that pausing phenomena (i.e., breakdown fluency) and speech rate are primary factors correlating with fluency ratings. With respect to repair fluency, the literature suggests a weak relationship between repair strategies and perceived fluency. Cucchiarini et al. (2002) did not find any relationship between fluency ratings and the number of dysfluencies (which covered, among others, repetitions and corrections). Previous studies show large diversity in the L2 fluency measures that they used and, consequently, also in the outcomes that were found and conclusions that were drawn. Moreover, the issue of intercollinearity is rarely raised. The larger the number of fluency measures, the higher the probability of confounding the different measures, and therefore the higher the risk of intercollinearity if all these measures are included in a single model predicting fluency ratings (cf. Bosker, Pinget, Quené, Sanders, & De Jong, 2013) . In contrast to previous studies, we investigate the correlations between acoustic measures of fluency and carefully select the orthogonal (i.e., mathematically independent) measures in order to answer the question: RQ1: Which acoustic measures of fluency can predict perceived L2 fluency?
At first glance, it seems obvious that slower speech delivery, more or longer pauses and more repair strategies result in lower fluency judgments in L2 speech. However, studies have revealed that even native speech (L1) is not always smooth and continuous; it also exhibits hesitations and repairs (Bortfeld, Leon, Bloom, Schober, & Brennan, 2001 ). Moreover, a speaker who is not very fluent in his L1 (for instance, because he speaks slowly or uses a lot of pauses) cannot be expected to be very fluent in his L2. These facts suggest that researchers should take a speaker's individual L1 fluency characteristics into consideration when assessing his L2 fluency. With the exception of some recent work (e.g., Derwing, Munro, Thomson, & Rossiter, 2009; De Jong, Groenhout, Schooner, & Hulstijn, 2013) , studies on L2 fluency have rarely considered the L1 fluency of their subjects. As Segalowitz (2010) noted, the fact that most researchers have not done this may have revealed individual speech differences that are in fact unrelated to the use of the L2 and have provided undesired noise that may have masked specific L2 fluency phenomena. Recently, De Jong, Groenhout, Schooner, and Hulstijn (2013) have demonstrated that a speaker's L2 fluency is indeed related to his L1 fluency. De Jong et al. reported highly significant L1-L2 correlations for different fluency measures (speech rate, pauses, etc.) and provided strong evidence that a large part of fluencyrelated phenomena are characteristic of the way individuals speak in general, and not just typical for their speech production in the L2. Segalowitz (2010) proposed calculating the residuals obtained when correlating L1 and L2 fluency measures with each other. First, the assumption is made that the most fluent speech an individual can produce is his L1 speech. L1 is therefore used as a baseline to partial out the variation which is not specifically related to the dysfluencies in L2, but which characterizes a person's general performance in the given test condition. The residualized score Language Testing 31(3) expresses the difference between the actual observed value and the value predicted from the person's L1 performance. The residualized scores allow us to isolate the dysfluencies that are specifically related to the use of an L2. One goal of this study is to determine whether this new type of acoustic measures of L2 fluency proposed by Segalowitz (2010) is significantly better at explaining variance in fluency ratings than raw L2 measures:
RQ2: To what extent do L2-specific measures (i.e., residuals) correlate with perceived fluency? Are they better predictors of perceived fluency than traditional measures of utterance fluency?
Accent
A speaker who acquires his L2 later in life is almost certain to exhibit some degree of foreign accent (e.g., Patkowski, 1990) , that is, the pronunciation of his L2 shows deviations from native norms. These deviations characterizing the speaker as a non-native are usually grouped into two categories: segmental and suprasegmental.
Segmental pronunciation errors can be phonemic or subphonemic errors. Phonemic errors are cases where a phoneme is substituted by another. In contrast, subphonemic errors are cases of allophonic variation. Suprasegmental errors are connected with suprasegmental phenomena such as stress and intonation.
Previous studies that relate the pronunciation errors in the L2 utterance to the perception of global foreign accent and its comprehensibility (Anderson-Hsieh, Johnson, & Koehler, 1992; Magen, 1998; Munro & Derwing, 1999) tend to focus on pronunciation errors that are typical for speakers of a specific L1 in the concerned L2 (e.g., Voice Onset Time (VOT) of German learners of French). Both segmental and suprasegmental factors are reported to be important for communicative effectiveness and efficiency. Segmental errors, both at phonemic and allophonic level, can hinder communication, for instance by slowing down word recognition (Smith, 2005; Munro & Derwing, 2008) . Intonation, syllabic structure, lexical stress and rhythm (i.e., suprasegmental features) also help the listener to segment the speech stream and to recognize the words more quickly (Cutler & Butterfield, 1992; Cutler, 2012) . Thus, segmental and suprasegmental errors both seem to make the listener perceive the speech as accented.
Three studies explicitly attempted to assess the contribution of specific phonetic and phonological factors to the perception of foreign accent. Magen (1998) investigated different segmental and suprasegmental factors in the speech of native Spanish speakers with a strong accent in English. The goal was to examine the relative weight of these different types of errors on accent ratings. Results showed that listeners were sensitive to syllable structure, final consonant deletion, consonant manner of articulation, and phrasal stress. Anderson-Hsieh, Johnson, and Koehler (1992) investigated the relationship between raters' judgments of non-native pronunciation and actual deviance in segmentals, prosody and syllable structure in 11 different languages. The accent ratings and the deviance found in each area of pronunciation showed that (1) errors in all areas have a significant influence on the ratings and (2) suprasegmental variables proved to have the strongest influence. Kang (2010) investigated how a range of suprasegmental features independently contributed to listener's judgments of comprehensibility and accentedness. She showed that accent ratings were best predicted by pitch range and word stress measures. In conclusion, certain accent errors are related to accent ratings. Segmental and suprasegmental characteristics -typically chosen as being specific for the L2 speech of speakers with a particular L1-background -were found to be closely related to accent perceived by native listeners (e.g., Magen,1998; Anderson-Hsieh et al., 1992) . In the present study, however, we focus on more global, non-language-specific segmental and suprasegmental measures of accent (e.g., goodness of segment realizations and pitch range) and their relationship to perceived accent: RQ3: Which acoustic measures of accent can predict perceived accent?
By correlating acoustic measures with accent ratings, we want to determine how much of the variance in accent ratings can be explained by segmental and suprasegmental characteristics of the L2 speech. On the basis of previous studies, we may expect our measures to explain a non-negligible part of the variance in accent ratings as given by native listeners.
Relationship between fluency and accent
Previous studies (Anderson-Hsieh & Koehler, 1988; Munro & Derwing, 1998 Derwing et al., 2004) suggest a negative correlation between accent and fluency: the stronger the perceived foreign accent, the lower the fluency ratings.
RQ4(a): To what extent are fluency and accent ratings related?
Effects of fluency on accent ratings. Derwing (1998, 2001 ) have conducted several studies that investigated whether fluency has an effect on accentedness and comprehensibility judgments. These studies systematically point to the effect of speech rate as an acoustic measure of utterance fluency on ratings of foreign accent. They tested whether increasing or decreasing the speech rate of L2 accented speech by 10% would lead to lower accent ratings. They found that fast stimuli were rated as less accented than stimuli presented at normal and slowed rates, and that the relationship between speech rate and perceived accent is curvilinear rather than linear. As long as the speed of delivery remains manageable from a processing standpoint, the listeners showed benefit from the acceleration in speech rate. However, when the same speech is presented at a particularly fast rate, the listeners may be at a disadvantage, since very fast speech places extra demands on the listener. A regression model revealed that the speaking rate could account for 15% of the variance of accent ratings.
Effects of accent on fluency ratings. According to a study by Freed (1995) , accentedness is one of the most important factors by which raters claimed to be influenced when reporting on their experiences during fluency rating tasks. Rossiter (2009) made a similar observation concerning the influence of pronunciation. Several studies have attempted to test this influence of accentedness on perceived fluency experimentally. However, the reported findings vary widely across studies. In her study on the role of pitch and phrasal segmentation, Wennerstrom (2000) showed that prosody affects listeners' perception of L2 fluency. Derwing and Rossiter (2003) also found that prosodic accuracy contributes to the overall impression of fluency. The underlying assumption is that inaccurate prosodic patterns are characteristic of accented speech. However, one may question whether the analysis of prosody does not directly interfere with pausing (being a component of fluency), since the prosody will necessarily be changed in a speech sample containing a large number of (too long) pauses. Therefore, it is not surprising to find a relationship between prosody and fluency in these studies. Derwing et al. (2004) examined the relationships between perceived fluency, comprehensibility and accentedness. They found a strong relationship between fluency and comprehensibility, whereas the correlation between fluency and accentedness was somewhat lower. They concluded that their findings show a relatively weak relationship between fluency and accentedness. However, the results of this study should be treated carefully, since the samples used in their study were drawn from low-proficiency speakers. It is possible that raters have judged fluency and comprehensibility more strictly than accent, since a good accent can be thought to become a requirement only when the L2 speaker reaches a higher proficiency level. In conclusion, we need more insight into the question whether accentedness is an interfering factor that plays a role when a native speaker rates L2 fluency, and vice versa: To answer research questions 1-4, a dual approach (Cucchiarini et al., 2002) will be adopted: native perception of fluency and accent in spontaneous L2 speech will be collected in two rating experiments (the fluency ratings were collected in the same experiment as reported in Bosker et al., 2013) . These ratings will be related to a number of acoustic measures of accent and fluency calculated from the speech fragments.
Experiment 1: Fluency

Method
Stimuli. Speech recordings from native and non-native speakers of Dutch were obtained from the "Unravelling second language proficiency" project from the University of Amsterdam (described in De Jong et al., 2012) . Fifteen L2 speakers of both groups of the corpus (L1 English and L1 Turkish) were selected. Two L1-backgrounds were selected to allow comparison between different types of L2-speakers. The two groups were matched for proficiency on the basis of a 116 items vocabulary test, because De Jong et al. (2012) have shown that the vocabulary scores [English mean(s) = 67.5(15.7); Turkish, mean(s) = 64.1(18)] of these speakers are a good indicator of their overall proficiency. In addition to these 30 non-native speakers with an intermediate level of Dutch proficiency, eight native speakers of Dutch were selected based on their vocabulary score being close to the native speakers' average score (mean(SD) = 106(5.32)). The recordings of native speakers were provided as reference points for the raters to which non-native stimuli could be compared, but they will not be further analyzed in this study.
All 38 speakers (30 L2 speakers and eight natives) performed a series of different computer-administered speaking tasks providing us with spontaneous speech in the form of conversational monologue . First, the non-native speakers performed eight tasks in their L2 (Dutch). The tasks were designed for the proficiency levels B1 and B2 of the Common European Framework of Reference for Languages . Second, the non-native speakers performed eight tasks in their mother tongue (either English or Turkish). These tasks were different, but highly similar to the ones performed in the L2.
For the analysis of the speakers' L1 fluency, recordings from all eight tasks were selected. The L1 stimuli were analyzed acoustically in order to obtain insight into a speaker's fluency behavior in his L1, but these were not presented to the raters. For the rating experiments (L2 tasks), three tasks from the eight were selected on the basis of the different task characteristics (e.g., degree of complexity, formality, discourse type). For each speech performance of approximately two minutes, 20-seconds recordings were extracted from the middle of the original recording. The stimuli were subsequently resampled to a sampling frequency of 44,100 Hz and scaled to an intensity of 70 dB. As a result, we obtained 114 speech fragments of Dutch (38 speakers × 3 tasks) for experimental use. All speech recordings were transcribed and annotated.
Acoustic measures of fluency. Six acoustic measures of fluency were calculated for each stimulus (see Table 1 ). Each measure was specific to one aspect of fluency in order to avoid confounding the three fluency aspects (speed, breakdown and repair fluency). For this reason, all frequency measures of fluency were calculated on the basis of spoken time (total duration excluding pauses) instead of total time (total duration including pauses). Moreover, traditionally used acoustic measures such as speech rate, phonation time ratio were disregarded in this study, since in such measures different aspects of fluency are confounded: they encompass information about both the speed of speech delivery and pausing patterns. Pauses shorter than 250 milliseconds were disregarded. This cut-off point of pause length is often used to separate hesitation phenomena (Towell, Hawkins, & Bazergui, 1996) from pauses that may signal the stop phase of a plosive or may be classified as micro-pauses (Riggenbach, 1991; . For ease of interpretation, all measures share the same polarity: the higher the value, the less fluent the speech.
For speed fluency, we measured the logarithm of the mean length of syllables (MLS). The mean length of syllables is the inverse of the traditionally calculated articulation rate. The logarithm provides us with a normally distributed equivalent of the raw measure that we can use for regressions (Limpert, Stahel, & Abbt, 2001) . For breakdown fluency, we selected three measures: the number of silent pauses per second spoken time (NSP), the number of filled pauses per second spoken time (NFP), and the logarithm of the mean length of silent pauses (MLP). Finally, two measures for repair fluency were used: number of corrections per second spoken time (false starts, reformulations, and Participants and procedure. Twenty normal-hearing native Dutch speakers (19f/1m; mean age (SD) = 20.2 (1.88)) participated on a voluntary basis, and they received €7.50 for their participation. All participants were linguistically untrained native speakers with no experience in phonetics, speech therapy or rating of second language proficiency. They all came from the Randstad (a central urbanized zone in the Netherlands which comprises the major cities of Amsterdam, Rotterdam, The Hague, and Utrecht) and considered themselves as having no marked accent in Standard Dutch. Participants were seated in soundproof booths. First, written instructions were presented on the screen. The participants were told to base their judgments on the use of silent and filled pauses, the speech rate and the use of hesitations and/or corrections, and not to rate fluency in the broad sense of language proficiency. These instructions were followed by a practice phase. In the test phase, the above-described 114 speech stimuli were presented to participants using the FEP experiment software (version 2.4.19; Veenker, 2006) . Participants listened to the stimuli over headphones at a comfort` volume. They rated the stimuli presented in one of six different pseudo-randomized orders using an Equal Appearing Interval Scale (Thurstone, 1928) . The nine-point scale ran from 1: "not fluent at all" to 9: "very fluent". Halfway through the experiment participants were given the opportunity to pause briefly. Finally, the participants filled out a short questionnaire on their background, their attitudes towards and degree of familiarity with the speaker's foreign accent. No relationship was found between listeners' ratings and their self-rated attitude toward and familiarity with L2 speakers.
Results
First, the speech materials were analyzed. The intercollinearity between the acoustic measures of fluency was investigated through Pearson's r correlations between all Number of repetitions/ spoken time measures and has already been reported in Bosker et al. (2013) . The highest correlation was found between the number of silent pauses (NSP) and the mean length of syllables (MLS) (r = .330) Correlations between other measures were either lower or nonexistent. From this analysis, we conclude that the risk of multicollinearity in the further analyses of the results is indeed very limited. Each item was judged by the 20 raters on fluency. The degree of agreement between these raters was very high (Cronbach's α = .97). In order to relate the subjective ratings on each item to the acoustic measures of that item, a method of collapsing these 20 ratings for each item was required. Therefore, our analyses were performed in two consecutive steps. The first step involved correcting fluency ratings for a range of factors, such as individual differences between raters in their use of the scale, and presentation order. This resulted in corrected estimates of the raw ratings. The correction procedure was performed using Linear Mixed Models (cf. Quené & Van den Bergh, 2004 Baayen, Davidson, & Bates, 2008) as implemented in the lme4 package (Bates & Maechler, 2012) in R. Order was added to the model as a fixed effect in order to test for general learning or fatigue effects. Rater (testing for individual differences between raters) was added as a random effect. OrderWithinRaters was added to the model as random slope on Rater, testing for individual differences in order effects. This most complex model was compared to less complex models (with only one or two factors). Likelihood ratio tests showed that the most complex model proved to fit the data of Experiment 1 better than any simpler model. This optimal model showed significant effects of Rater, of Order (raters became harsher to the L2 speech as the experiment progressed) and of OrderWithinRaters (the order effect differed among individual raters) and was used to obtain estimates of the fluency ratings. All subsequent analyses were performed on these corrected estimates, instead of on the averages of the raw ratings over the 20 raters. In a second step, acoustic measures of fluency were correlated with these estimated fluency ratings through traditional linear regression analyses.
Several linear regressions were computed to investigate to what extent the set of acoustic measures of fluency could explain the variance in fluency ratings. The adjusted proportion of variance explained (R 2 ) of these models and thus the explanatory power of each measure of fluency are presented in Table 2 . First, the adjusted R 2 of the model with all traditional L2 fluency measures added as predictors of fluency ratings showed that 84% of the variance in fluency ratings may be explained on the basis of these six acoustic measures of fluency. Second, we computed separate models with one or more acoustic measure of fluency (within the same aspects) (see Table 2 ).
The discussion of these separate models and of how the different aspects of fluency load together can be found in Bosker et al. (2013) . In this article, we focus on the second research question concerning the L2 specific fluency measures proposed by Segalowitz (2010) : the residualized scores. We wanted to find out to what extent these residualized scores correlate with fluency ratings. We performed the same linear regressions, but now with the residualized scores instead of the L2 measures. The models were compared on the basis of the adjusted R 2 given in Table 2 . The adjusted R 2 showed that the model that had all residualized measures as predictors could explain 72% of the variance. The adjusted R 2 of the models that had residualized measures as predictors were systematically lower than those models that had traditional L2 fluency measures as predictors (with the exception of the model with both repair fluency measures). Acoustic measures of accent. Two acoustic measures of accent were calculated for each stimulus (see Table 3 ). The first measure is segmental in nature: the phonemic error rate (PER). Based on Neri, Cucchiarini, and Strik (2006) , a study aimed at obtaining systematic information on segmental pronunciation errors made by learners of Dutch, a selection of 12 phonemes (eight monophthongs and diphthongs, and four consonants) was made that appeared to be problematic for both English and Turkish speakers. All words used in the recordings were extracted and matched with their phonetic transcription as found in CELEX (Baayen et al., 1993) . In total 3512 occurrences of the selected phonemes (average 39 per speech fragment) were analyzed. For each occurrence, the first author established whether the speaker's realization was correct (i.e., matched the Dutch phoneme, coded as 1) or incorrect (i.e., when the phoneme had been substituted by another or omitted, coded as 0). Two other authors rated a smaller sample of 10% of the data. The interrater agreement between the three researchers appeared to be fair (Fleiss Kappa = .40). The phonemic error rate was then calculated as the proportion of incorrect Bosker et al. (2013) . This is due to a different handling of missing values in the dataset. realizations of the selected phonemes divided by the total occurrence number of relevant phonemes produced in the speech sample. A low phonemic error rate (e.g., .03) represents a small number of false phonemic realizations, whereas a high phonemic rate (e.g., .42) represents a large number of false phonemic realizations. The second measure is suprasegmental in nature: pitch range (PR). Intonation plays a large role in the cohesion of discourse, involving both the flow of information structure and the grouping of the discourse into constituents (e.g., Beckman & Venditti, 2010) . A narrow pitch range might lead to the speech being perceived as monotonous. De Jong et al. (2012) showed that intonation is an important skill of language proficiency. Kang (2010) showed that pitch range was related to ratings of accentedness in English L2 data. We hypothesize that L2 speech with a narrower pitch range will be rated as having stronger foreign accent. Pitch range was measured in semitones with a reference of 60 Hz. The semitone scale is a perceptual non-linear scale of pitch that is used widely in the study of prosody and lexical tone (e.g., Liberman & Pierrehumbert, 1994; Xu, 1999) .
There was no correlation between the two measures of accent (r = −0.01, p =.942). There is thus no risk of intercollinearity between these two factors.
Participants and procedure. To avoid ratings on one dimension (fluency) influencing the ratings on the other dimension (accent), a new group of 20 normal-hearing native Dutch speakers [17f/3m; mean age (SD) = 21.8 (3.85)] participated in this second experiment. Schmid and Hopp (this volume) have shown that 20 raters is a sample large enough to achieve robust data. The speech materials and the procedure of this experiment were identical to Experiment 1, but crucially the instructions given to these raters were different. The participants received precise instructions to rate accentedness, basing their judgments on the pronunciation of sounds, word stress and intonation patterns. Their ratings should represent how much the pronunciation of the speakers deviated from the norms of Standard Dutch. They rated the 114 stimuli on a nine-point scale ranging from 1: "no accent" to 9 "very strong accent".
Each item was judged by the 20 raters on accent. The degree of agreement between the raters was very high (Cronbach's α = .98). The acoustic measures of accent were correlated with the estimates of accent ratings from Experiment 2. The goal was to investigate to what extent our two acoustic measures of accent would explain the variance in accent ratings.
In Table 4 , the adjusted R 2 of the regressions predicting accent ratings are presented. The adjusted R 2 of the model with both accent measures (excluding the non-significant interaction) was .229 (F(1;87) = 14.18, p < .001) which means that 23% of the variance in accent ratings can be explained on the basis of these two acoustic measures of accent. The explained variance is relatively small, but this result is in line with previous research (e.g., Anderson-Hsieh et al., 1992; Magen, 1998) . The phonemic error rate alone could explain 17% of the variance in accent ratings, and pitch range 6%.
The analysis of segmental pronunciation errors made clear that many pronunciation errors could not be captured by the PER, since a phoneme was only considered as incorrect when it was substituted by another phoneme or deleted. In that way, allophonic
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Language Testing 31(3) variation could not be captured (e.g., the pronunciation of /t/ as an aspirated [th] which is typical for L1 English speakers). Therefore, we computed a third measure: the phonetic quality evaluation (PQE). This measure was computed exploratively for one third of the data (= 30 items). The computation of this subphonemic measure involved (i) the segmentation and alignment of the speech material, (ii) the submission of the segmented speech material to the TQE software, and (iii) the reduction to one score per item. The Transcription Quality Evaluation (TQE) (Strik, 2012 ) is a tool that automatically evaluates the quality of phonetic transcriptions by determining a score for each phone (ranging from 0 to 100%) indicating the goodness of fit between the segment and its transcription. The higher the number, the better the fit. The scores were collapsed into one PQE score per stimulus, which was subsequently added to the model as predictor of accent ratings. These PQE scores did not correlate with the two other accent measures. The adjusted R 2 of the model with all three accent measures (PER + PQE + PR) was .339 (F(3;24) = 5.591, p = .005) which means that 34% of the variance in accent ratings could be explained on the basis of these three acoustic measures of accent on a sample of a third of the data. The computation of the phonetic quality evaluation allowed us to significantly improve the original model of accent ratings (F = 6.322, p = .019).
Relating fluency and accent ratings
The fourth research question concerned the extent to which accent ratings and fluency ratings are related to each other. Combining the results from Experiment 1 and Experiment 2 is required to investigate this relationship. Accent ratings were weakly correlated with fluency ratings, (r = −.25, p = .017). The higher the accent scores, the lower the fluency scores; the stronger the perceived foreign accent, the more dysfluent the speaker is perceived to be.
In a second step, we tested whether the acoustic measures of accent might be predictors of fluency ratings. We added the two original acoustic measures of accent to the model as predictors of fluency ratings and checked whether these factors could strengthen the explanatory power. If this would be the case, one might conclude that accentedness is an interfering factor when a native speaker rates L2 fluency. However, adding two acoustic measures of accent did not result in a better fit of the model (see Table 5 ): Model 2 achieved an adjusted R 2 of .836, versus .843 for the original model (F < 1).
Finally, we tested whether acoustic measures of fluency may predict ratings of accent. Acoustic measures of fluency were added to the model with the two measures of accent as predictors. The question was whether these factors could add some explanation of variance, thus whether fluency is an interfering factor when a native speaker rates foreign accent. The basic model (Model 3) presented in Table 5 with two accent measures as predictors could account for 23% of the accent ratings. Model 4 with all acoustic measures of fluency as additional predictors reached a higher adjusted R 2 of .329. A comparison between Model 3 and Model 4 revealed a significant difference (F = 2.188, p = .024).
Discussion and conclusion
This study investigated L2 oral fluency and foreign accent. In Experiment 1, 20 untrained native speakers of Dutch rated L2 Dutch speech fragments on fluency. In Experiment 2, 20 other native speakers of Dutch rated the same samples on accentedness. These ratings were subsequently correlated with a variety of acoustic measures of fluency and accent, and with each other. Our raters appeared to be able to provide consistent and reliable judgments on L2 fluency. With regard to our first research question tested in Experiment 1, fluency ratings were predicted to a satisfactory extent by means of six acoustic predictors. Especially measures of speed and breakdown fluency could predict a large part of the variance in fluency ratings. In contrast, measures of repair fluency could explain a rather small part of the variance, but were showed to be non-negligible in contrast to what is found in previous research.
We also tested Segalowitz' proposal (2010) that residuals might be more appropriate objective measures of fluency, because the residuals partial out the role of the L1 in L2 speech. We have shown that residuals successfully predict a large proportion of the variance in fluency ratings, but they are not better than traditional L2 measures for predicting perceived fluency. After all, when listening to L2 speech from unknown speakers, raters do not have access to the L1 fluency profiles of these speakers. Therefore, taking L1 fluency into account does not result in better predictions of fluency ratings.
With respect to the third research question, investigated in Experiment 2, the segmental and suprasegmental measures of foreign accent predicted only a relatively small part of accent ratings. Both the phonetic measures and the pitch range explained some variance in accent ratings. However, the explanatory power for the accent ratings (with three predictors) remained smaller than the explanatory power achieved by the model of fluency ratings (adjusted R 2 of .339 vs. .837). A direct comparison between these two Concerning the relationship between fluency and foreign accent (in research questions 4a, 4b and 4c), we found only a weak negative correlation between fluency ratings (from Experiment 1) and accent ratings (from Experiment 2). Speech that is rated as less fluent also tends to be rated as more accented. These results are in line with previous studies, in which accent and fluency ratings were correlated (Wennerstrom, 2000; Derwing et al., 2004) . The correlation we obtained is (r = −.25), however, is much weaker than previously reported (Derwing et al. (2004) found r = .49). One possible explanation for the difference in correlation coefficients between Derwing et al. (2004) and the present study is that -in their study -the same group of raters rated accent and fluency for each stimuli at the same time. In the Derwing et al. (2004) study, listeners' judgment on the one scale might have directly influenced their judgment on the other. Another possible explanation is the amount of instructions that participants received prior to the experiment. In this study, we adopted a between group design and each group received precise instructions.
Acoustic measures of accent did not contribute to the model of perceived fluency. However, adding acoustic measures of fluency did improve the model of perceived accent. This suggests that the raters in the present study, who received detailed definitions of fluency and accent, were able to rate L2 fluency without being influenced by the accentedness of speech. This finding forces us to interpret the results of Derwing and Rossiter (2003) with caution, since their analysis of prosodic accuracy (as a measure for accent) possibly interferes with pausing (being a component of fluency). On the other hand, a speaker's L2 fluency was in the present study a predictor of the ratings of foreign accent. This finding seems to support the evidence found by Derwing (1998, 2001) and indicates that acoustic measures of fluency may play a role in perceived accent.
Having a better understanding of what makes L2 speech sound fluent or accented has valuable implications for language testing practices. The provided description of acoustic properties which contribute to the perception of dysfluency and accentedness might help individual raters to provide a more objective and reliable assessment of the L2 linguistic performance. Moreover, software for automatic assessment of fluency might be improved in view of the proposed shortlist of powerful acoustic measures, in order to better reflect native ratings of fluency. In large-scale language assessments, where fluency and accent rated by human judges are seen as indicators of L2 proficiency, these two aspects are not always kept separated. The TOEFL test, for instance, has a rubric to rate the speaking tasks called "delivery", which combines aspects of fluency and pronunciation. Our results, however, suggest that human raters are capable of rating these two aspects separately, and crucially a speaker who is not very fluent, does not necessary have a strong foreign accent, and vice versa. Ratings on "delivery", covering both fluency and accent, may thus prove problematic for raters since the two concepts can very well exist independently from the other.
In conclusion, this present study has shown that native speakers' perception of L2 fluency is highly correlated to the quantitative, temporal properties of L2 speech, whereas native speakers' judgments of foreign accent is only weakly dependent on acoustic accentedness measures. A more qualitative and probably L2 specific analysis of accent features is required to understand native speakers' perception of foreign accent.
